Purpose: To evaluate and compare the changes in refraction and effective intraocular lens (IOL) position between a plate-haptic IOL and a c-loop single-piece IOL after neodymiumdoped yttrium aluminium garnet (YAG) laser posterior capsulotomy.
Introduction
Posterior capsular opacification (PCO) is a common complication of cataract surgery; the overall incidence of PCO has been demonstrated to depend on the surgical technique, the intraocular lens (IOL) material, and the IOL design. [1] [2] [3] [4] [5] The standard treatment is neodymium-doped yttrium aluminum garnet (Nd:YAG) laser posterior capsulotomy; the complications associated include elevated intraocular pressure, IOL damage, uveitis, cystoid macular edema, vitreous and retinal detachments as well as refractive changes due to possible axial IOL displacement. The morphologic and tensile changes in the capsular bag after treatment may cause a longitudinal movement of the IOL, and, consequently, a refractive change, leading to decreased uncorrected visual acuity. This last aspect is particularly crucial after multifocal IOL implantation and should be considered before other treatments are indicated, especially laser ablative surgical enhancements.
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Monteiro et al Previous studies [6] [7] [8] [9] [10] [11] [12] [13] have addressed the change in IOL position and clinical refraction after YAG treatment. However, only 1 study found a significant change in axial IOL position; none of the studies available found differences on subjective or automatic refraction. Findl et al 13 described that IOL style and size of capsulotomy are determinant factors in lens movement; the authors demonstrated that a larger capsulotomy size is associated with increased posterior displacement of the IOL and a hyperopic shift, which is more pronounced with plate-haptic IOLs. However, all other studies available only evaluate one type of IOL, and some of them were performed after extracapsular cataract extraction or using old-fashioned IOLs (3-piece foldable IOLs, single-piece polymethyl methacrylate [PMMA] or silicone IOLs), not taking into consideration the modern trends in phacoemulsification surgery.
This study aims to evaluate and compare the differences in subjective refraction and effective lens position after Nd:YAG laser posterior capsulotomy between a plate-haptic foldable IOL and a single-piece c-loop IOL.
Methods
study design
This prospective single-center study included patients with PCO submitted to Nd:YAG laser posterior capsulotomy at the Ophthalmology Department of Hospital de Braga, Portugal. The tenets of the Declaration of Helsinki were followed, and full ethical approval from the Ethical Commission of Hospital de Braga was obtained. After receiving a full explanation of the nature and possible consequences of the study and treatment, all patients provided a written informed consent.
Inclusion criteria were patients with visually significant PCO, previous cataract surgery by standard phacoemulsification, IOL implantation in the capsular bag, no intraoperative complications, and anterior capsulotomy fully covering the lens in the capsular bag. We excluded patients with intraoperative complications, pseudoexfoliation syndrome, any preoperative evidence of zonulopathy or intraoperative implantation of capsular tension ring, and poor mydriasis.
Patients were divided into 2 groups. Group 1 included patients with a single-piece plate haptic IOL (AT LISA tri 839MP ® ; Carl Zeiss, Meditec, Germany) implantation and group 2 patients with a single-piece c-loop IOL (AcrySof ® SA60AT; Alcon Laboratories, Inc., Fort Worth, TX, USA). Both groups were treated with Nd:YAG laser (Ellex Super Q) capsulotomy, with 4.5 mm diameter (1.2 mJ/spot). After the procedure, inflammation was controlled with 0.3 mg/mL Bromofenac eye drops, 2 times daily for 15 days.
The AT LISA tri 839MP (Carl Zeiss) is a diffractive trifocal preloaded IOL with a 6.0 mm biconvex optic, an overall length of 11.0 mm, and a posterior surface with asphericity of 0.18. It has a plate-haptic design with 4-point fixation, with an angulation of 0 degrees. The IOL optic has a 360-degree square edge to prevent PCO, with no interruption at the optic-haptic junction and an anti-PCO barrier ring around the optic. The IOL is made of foldable hydrophilic acrylate with a water content of 25% and has a hydrophobic surface and a refractive index of 1.46.
The AcrySof SA60AT (Alcon Laboratories) is a foldable single-piece open-loop IOL, with anterior asymmetric biconvex optic design, made of acrylic hydrophobic polymer with modified L-shaped haptics. The IOL has a 6.0 mm optic and 13.0 mm overall diameter. The IOL optic has a 360-degree square edge design.
Before and 1 month after YAG capsulotomy, a complete ophthalmological examination was performed, which included the measurement of visual acuity, subjective refraction, and the anterior chamber depth (ACD) value. The ACD value was obtained through optical coherence biometry (Biograph WaveLight OB820 ® ; Alcon Laboratories), taking the average of 5 measurements and manually adjusting the position of the anterior surface of the IOL detected by the device. Subjective refraction included spherical equivalent (SE), sphere, cylinder, and axis, and was performed by the same ophthalmologist for all patients. The SE values were calculated as the sum of the sphere and half of the cylindrical power.
Statistical analysis was performed with SPSS (SPPS Inc, Chicago, IL, USA). All data were reported as mean and SDs. Data normality was calculated with Kolgomorov-Smirnov test; for parametric data, a paired t-test was used to compare the values of refraction and ACD; for data not normally distributed, the Wilcoxon signed-rank test was used. A value of p,0.05 was considered statistically significant.
Results
One hundred and ten pseudophakic eyes of 110 patients were enrolled in this study. Fifty-five eyes underwent a single-piece plate-haptic IOL (AT LISA tri 839MP; Carl Zeiss) implantation (group 1) and 55 eyes a single-piece c-loop IOL (AcrySof SA60AT; Alcon Laboratories) implantation (group 2). None of the patients presented surgical complications, previous ocular surgeries or previous ocular pathology. The Tables 1 and 2 provide the results obtained from the data of subjective refraction (SE, sphere, cylinder, and axis) and axial IOL position before and after capsulotomy for both groups. In group 1 ( 
Discussion
Our study is the first to demonstrate that the IOL design can have an impact on IOL stability in the capsular bag after YAG laser capsulotomy. We were able to show that Nd:YAG capsulotomy induced a significant change in the axial position of the IOL inside the capsular bag and that the axial IOL movement differs according to the IOL design. A haptic plate IOL has the tendency to move anteriorly after YAG capsulotomy, while a C-loop lens shows a significant posterior movement. Both changes, however, induced a minor refractive change that was not statistically or clinically relevant in our patient's cohort.
Thornval et al 14 were the first to describe the changes in IOL position after YAG capsulotomy. The authors showed no difference in axial position and SE after the treatment, but the measurements were taken with an optical pachymeter (50.0 µm resolution), different types of IOLs were used, and the study group also included patients after extracapsular cataract extraction. Findl et al 13 were the first to report a significant backward movement of IOLs after YAG capsulotomy. In all eyes studied, the authors observed a significant backward movement of all the 3 types of IOLs studied (1-piece PMMA IOL, 3-piece foldable IOL, and a plate-haptic IOL), and the change was more pronounced with plate-haptic IOLs. The authors also found a hyperopic shift that was not clinically relevant, based on the small amplitude of the lens movement. In our study group, we observed a different IOL movement according to the IOL type; the platehaptic IOLs moved anteriorly and the single-piece c-loop IOLs moved posteriorly. We consider that the major factor responsible for this aspect observed in our results is the lens design; the plate-haptic IOL has a tendency to move in the opposite direction of a c-loop IOL. The tension exerted by the haptics of the IOL on the capsular bag is higher for a plate-haptic IOL, since there are 4 points of contact between the IOL and the capsular bag and less compressibility of the haptics, and they are a part of the main body of the lens. As for the c-loop IOL design, there are 2 points of contact between the IOL and the capsular bag and higher compressibility of the haptics in case of compression by the capsular bag, since they are open and separate from the optical body of the lens. This difference found in our study in comparison with Findl's study could be explained by the different timing of evaluation after treatment (immediately after the capsulotomy was performed in Findl's study and 1 month after treatment in our study) and possibly by the different design of both plate-haptic IOLs. As in our study, Vrijman et al 8 concluded that capsulotomy in patients with multifocal pseudophakia did not result in a significant change in refraction. The majority of patients (93%) showed a small change of SE ,0.50 D, always a myopic change. The study did not measure the position of the IOL before and after treatment, and only included single-piece foldable IOL patients. Khambhiphant et al 6 also observed a nonsignificant myopic change in a cohort of 47 pseudophakic patients; the authors found no difference in the axial displacement or SE before and after 3 months between a single-piece and a three-piece IOL. Other similar studies, from Hu et al 12 and Ozkurt et al, 9 did not observe a significant change in refraction or IOL axial position after YAG capsulotomy; 
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Despite the fact that we observed a significant change in axial position of the IOL after YAG capsulotomy, there was no difference observed in SE, sphere, and cylinder. This important aspect of our study was observed in both the plate-haptic IOL group and the single-piece c-loop IOL. This finding is significant, because any significant refractive change in a patient with a multifocal IOL implant can have a major impact on the uncorrected distance and uncorrected near visual acuity. Even though we did not find any refractive change, there was a tendency for a small myopic shift in group 1 (SE from -0.13±0.63 D to -0.25±0.49 D), which is explained by the anterior movement observed with this type of IOL design. In group 2, the SE remained unchanged, even though there was a small but significant posterior movement of the implant, which could result in a slight hyperopic shift. The majority of other studies 6, [8] [9] [10] [11] [12] [13] [14] also reported that the change in SE after Nd:YAG laser capsulotomy was statistically insignificant.
This study, however, has some limitations. The results were based on a short-time follow-up period, and we did not measure the capsulotomy size area accurately. Many studies have shown that a large capsulotomy size is associated with an increased posterior movement of IOL. It has also been described that a hyperopic shift may be caused by a large capsulotomy size. 13, 15 Holladay et al 16 concluded that optimal capsulotomy should be equal to or exceed the diameter of the pupil in the scotopic conditions and remain within the border of IOL. Another aspect that was not taken into consideration was the white-white diameter in each group of patients, as it can be a factor that influences the movement of the IOL, and also the fact that the ACD measurements after YAG laser capsulotomy were all performed on an undilated pupil. Even though most recent studies have shown that the pupil diameter does not have a clinically significant impact on IOL calculation and biometric measurements, it could have a statistically significant impact on the ACD measurement after IOL implantation, since all the studies published report their results based on phakic patients.
In conclusion, our data show that Nd:YAG capsulotomy promotes significant changes of the axial position of an IOL inside the capsular bag, inducing significant anterior movement of a plate-type lens and posterior displacement of c-loop lens. This movement was not associated with a significant refractive change in both the plate-haptic and the single-piece c-loop IOLs.
